Abstract. The study of the bent bones in a case of campomelic dysplasia and a review of the literature suggest a repair process at the site of angulation. A theory that can explain most of the features of the disease is presented; it supposes a damage of the cartilage model at the midshaft, followed by a fracture of the thin bone collar in the earlier stage of ossification of the diaphysis.
Following the description by Maroteaux et al. [32] and Bianchine et al. [6] of campomelic dysplasia, many cases have been reported of this usually lethal entity, in which multiple osseous defects (bending of tubular bones is the most striking) and malformations of other organs are associated [24, 31, 40, 44, 46, 48, 49] .
The genesis of this condition remains uncertain and both an exogenous factor acting in the mother in the first period of gestation and a genetic factor in the baby have been proposed. In our presentation the histopathological findings of the bent bones of a girl who died at 11 days of age are reported: the study of them led to formulation of ideas about the pathogenesis of the disease.
Case report
This 3700-g female infant was born at week 41 of gestation of a 32-year-old mother and a 40-year-old father.
There is no consanguinity in the kindred; the mother is affected by hyperthyroidism, but there is no record of drug use during gestation. A previous male child was normal. There is no record of abortion. Delivery was spontaneous and natural; the placenta, weighing 500 g was normal. At birth the infant was dyspneic and cyanotic, requiring mechanical ventilation, and markedly hypotonic. After an initial improvement with spontaneous ventilation, the infant had to be maintained with mechanical ventilation until she died at 11 days of age.
The head circumference was 39 cm, chest circumference 34 cm and crown-rump length 48 cm. There was hypertelodsm, a flat nasal bridge, micrognathia and cleft of the soft palate, low set ears and redundant skin around the neck. The lower limbs were slightly shorter than normal (more so on the right than the left) with anterior bowing of the femora, tibiae and fibulae; a skin dimple over the right tibia; and bilateral talipes equinovarus. External genitalia were normal. The abdomen was swollen; the liver and spleen enlarged.
X-rays showed an enlarged skull and micrognathia. The chest was bell shaped, with slender, horizontal ribs ( Fig. 1) and absence of the sternal ossification nuclei. The scapulae were hypoplastic and clavicles had lateral hooks.
The iliac wings were hypoplastic, and the hip joints were dislocated (Fig. 2) . The lower limb tubular bones are described in detail in the next section.
Chromosomes were 46, XX.Autopsy, carried out 3 h after death revealed: atelectasia of both lungs with a small infarction area in the left lower lobe; absence of olfactory bulbs; thymic hypoplasia; enlarged liver and spleen. 
Material and methods
The right femur, tibia and fibula were dissected from the soft tissues. A specimen of the tibial, proximal growth plate was immediately fixed in glutaraldehyde and embedded in methacrylate. Undecalcified sections were stained with haematoxylin-eosin and Von Kossa method. Radiographs of the remaining bone specimens were taken and then they were decalcified in a 10% EDTA solution. After inclusion in paraffin, serial sections in the plane of the bending were prepared and stained with haematoxylin eosin.
Observations
Radiographs. In the femur there was an angle of 157 o between the axes of the proximal % and the distal % of the bone.
Angulation in the tibia and fibula were, respectively, 151 ° and 153 °, between the proximal % and the distal ~/3 of the bones. The metaphyseal bone trabecutae, as well as the cortex on the convex side (excepting the site of angulation) were unremarkable. On the concave side the normal cortex had been replaced by broad dense bone in which were thin radiotransparent lines in fan-like arrangement converging toward the apex of the bend (Fig. 3) .
Histology. The histopathology of the femur, tibia and fibula was the same, and only the tibia will be described in detail.
The epiphysis and growth plate cartilage (and its ossification) were normal. The primary trabeculae, easily recognized because of the central core of cartilage, were normal in their architecture and structure and were undergoing the expected, remodelling.
On the concave side, instead of the normal cortical bone, a less organized woven bone was observed lying between periosteum and the metaphyseal trabeculae. Straight parallel canals, containing blood vessels, ran through it (primary osteons) from the periosteum toward the apex of the cone (Figs. 4 and 6 ). The surfaces of these canals were the site of remodelling, producing osteonal structures (Fig. 5 ). This organization was responsible for the rayed pattern observed in X-rays of the specimen.
Periosteal features were unremarkable and no signs of enhanced appositional activity were actually evident.
Discussion
The histological findings in the bent bones of campomelic dysplasia suggest a repair process with angulation and with new periosteal bone laid down on the concave side and remodelling of the mass of woven bone so formed.
As observed by Roth et al. [39] , this process is identical to the healing of malaligned fractures and it is not specific to campomelic dysplasia, since the same thickening of the concave side is observed in other congenital angulation of tubular bones [9, tl, 14, 23, 28, 35] . The same histological features can be observed in lower limb experimental bowing obtained in chicken embryos by injecting insulin at the 5th day [15, 16] .
A further confirmation of the former statement is given by the only two cases of campomelic dysplasia, who surived [8, 32] , and by all the other non-lethal cases of congenital bowing of the legs, where a spontaneous correction of the angulation occurs as the child grows up.
Moreover the growth plate cartilage and the metaphyses look normal and abnormalities described in previous articles [4, 26, 29, 31] do not stand up to critical review, as Austin et at. [3] have already observed.
A theory of the aetiology and pathogenesis of campomelic dysplasia should take account of these observations, but must also satisfactorily explain the features presented constantly in the dysplasia. These may be summarized as follows: level of angulation always between the proximal % and the distal 2A in the femur the opposite in the tibia and fibula; a degree of shortening of the bone, independent from angulation (the so-called short limb variety of campomelic dysplasia is not considered here, because in these cases there are radiographic signs of metaphyseal involvement [18, 21, 22, 27, 51] ; symmetry of lower limb lesions; upper limb tubular bones unaffected or showing only a minor degree of dysplasia; talipes equino-varus; scapula and pelvic girdle bones hypoplastic, with dislocation of the hips; other bone defects (skull, spine, ribs); other organ defect (CNS, respiratory tract, heart, urinary tract, gonads); sporadic cases, but also reported in brothers [34, 42, 45, 47] .
The cartilage model of each skeletal element is formed before the end of the embryonic period (8th postovulatory week). The model of tubular bones is sharply defined by the perichondrium; the youngest cells are at the ends, where most of the growth occurs, while the oldest are in the mid-section of the shaft, where, before ossification starts (primary ossification center) they enlarge, their cytoplasm becomes vescicular and the amount of intercellular matrix increases. A bone collar is laid down by the perichondrium (now periosteum) around the midshaft before the matrix calcifies and vascular invasion starts.
The development of the lower limb buds is a little later than the upper and this is observed at all stages, namely, mesenchymal differentiation, chondrification and beginning of ossification [37] .
Hypothetically, possible damage to the cells of the midshaft leaving healthy those of the ends of the model) may explain the features observed in campomelic dypslasia. The lesion of the central part of the model is followed by the fracture of the thin bone collar. Since the embryo is surrounded by the amniotic liquid and pressure is transmitted uniformily through liquids, the displacement of the cartilagineous model fragments may be conditioned by the intrinsic tension generated by muscles in the limb or by the postion of the limbs relatively to the body of the embryo. In the latter case it is necessary to suppose that all embryos at this stage of development have a remarkably similar position in the uterus because the angulation is always anterior in the tibia and anterolateral in the femur.
The absence of bending of the upper limb bones may be explained by the more advanced developmental stage, with a thicker (and so more resistant to fracture) bone collar, while in an earlier stage the mechanical forces are not strong enough to bend the cartilage model.
In the cartilage of the pelvic girdle and scapula the lesion results in a loss of cells and a hypoplastic mature bone. The same factor may be responsible of the spine, skull and upper respiratory tract cartilage alterations and of other organs malformations.
In the tubular bones the lesion affects the midshaft, while the distal ends of the model grow normally. Since the distal cartilage plate of the femur grows faster than the proximal and vice versa in the tibia, then at birth, when the dysplasia is observed, the apex of the bending is between the proximal ~A and the distal % in the femur and the opposite is seen in the tibia. The loss in length of the bone is therefore due exclusively to the midshaft lesion of the cartilage model.
Two mechanical theories of congenital bowing of the long bones have been presented, one by Middleton [33] , the other by Chapple and Davidson [101 and Caffey [9] and by Angle [21. Both of them presuppose a mechanical force constantly applied to the developing bone. Two points are against these theories: (1) there is a real shortening of the bone; (2) metaphyseal trabeculae are straight and parallel to the axis of the bone and one would expect to find them bent if a constant load were to be applied to the extremities of the bone during growth. The main argument raised by Middleton to support his theory is the constant association of talipes equino-varus to bending; however, there is no evidence that muscular imbalance could be secondary to the bone malformation.
With regard to aetiology, in the first reports attention was addressed to an exogenous factor [7, 19, 20, 29, 30, 38, 43] , while later it shifted to a genetic defect [1, 5, 6, 12, 13, 17, 25, 26, 34, 36, 47] .
The pathogensis of the disease and the normal metaphyseal growth plate cartilage favour a factor acting in a limited span of time during the development of the embryo.
Moreover it is interesting to observe that before 1970 few cases which fit in with campomelic dysplasia have been reported [4, 8, 50] , but since then their number increased to over 100 cases. The question of an increasing frequence of the dysplasia has been raised by Segr6 et al. [411 and by Spranger et al. [43] ; since no significant improvement in the basic, diagnostic procedure of campomelic dysplasia (physical examination and radiographs) has been developed, the question of an increasing frequency deserves a careful consideration.
